Introduction
Neovascular age-related macular degeneration (nAMD) is a major cause of visual loss among elderly population in developed countries. 1, 2 Before the era of intravitreal anti-vascular endothelial growth factor (anti-VEGF) agents, only prevention of visual loss might have been achieved in a limited number of patients despite the use of different treatment modalities. [3] [4] [5] [6] [7] [8] Bevacizumab, ranibizumab, and finally aflibercept have led to the conservation of the baseline visual acuity (VA) in the vast majority of the patients and have given the chance of increasing VA significantly in approximately one third of the patients. [9] [10] [11] [12] Multicenter studies have shown that ranibizumab is effective in the prevention of VA loss in up to 95% of the patients, and an improvement in VA can be achieved in up to 40% of the patients. 13, 14 However, there was still a subgroup of patients who did not respond well to the IVR treatment. A new debate has begun since then, and some other treatment strategies were evaluated for this group of poorresponding patients, such as switching the drugs, shortening the injection intervals, increasing the drug dose, and using combination therapy. 15 Although some of these patients did well with the alternative treatment regimens, others were still poor responders. Also, their diagnosis was questioned by several authors and various studies were designed to evaluate deeply the true diagnosis of these patients. [15] [16] [17] [18] [19] [20] Enhanced depth imaging optical coherence tomography (EDI-OCT), fundus autofluorescence (FAF) imaging, and indocyanine green angiography (ICGA) were used as additional diagnostic tools in some of these studies. [15] [16] [17] [18] [19] [20] Macular diseases such as polypoidal choroidal vasculopathy (PCV), central serous chorioretinopathy (CSC), and retinal angiomatous proliferation (RAP) may sometimes mimic nAMD and thus create diagnostic challenges. Polypoidal choroidal vasculopathy and RAP are usually considered as variants of nAMD; however, some authors consider them as different entities than nAMD. Likewise, although some of the PCV and RAP patients respond well to anti-VEGF monotherapy, a substantial number of these patients are indeed anti-VEGF poor responders. Only a few studies have investigated specific diseases such as PCV or chronic CSC via ICGA in anti-VEGF poor responders, and none of these studies evaluated purely the morphological poorresponding patients. [16] [17] [18] [19] [20] Therefore, in this study we aimed to evaluate the patients who had a diagnosis of nAMD with a morphological poor response to IVR treatment via multimodal imaging-especially ICGAfor further differential diagnosis from all other macular diseases that mimic nAMD.
Materials and methods
In this cross-sectional, retrospective, and observational study, we reviewed the records of the nAMD patients who were treated with IVR in our clinic on an as-needed treatment regimen basis between January 2014 and December 2014. A written informed consent was obtained from all patients before the treatment and the study adhered to the tenets of the Declaration of Helsinki.
To be included in the study, each patient was required to have all of the following criteria, age ≥ 50 years, to be initially diagnosed as nAMD, to have received at least three IVR injections, and an incomplete morphological response as defined below. Patients were not included in the study if they had a known retinal disease other than nAMD. All patients received three initiating doses of monthly IVR injections (0.5 mg/0.05 ml) initially. Then the patients were followed monthly. A single injection of IVR was repeated when the VA had decreased by one or more Early Treatment Diabetic Retinopathy Study (ETDRS) lines from the last visit, or when the patients had developed new onset macular hemorrhage, or evidence of subretinal fluid on OCT. The morphologically poor responder status was defined if there was persistent subretinal and/or intraretinal fluid. If the subretinal or intraretinal fluid had not disappeared after the initial three loading doses of IVR or if the subretinal fluid had persisted after three consecutive injections in any time during the follow-up period, then the patient was then categorized as a morphologically poor responder and ICGA was obtained at the same visit.
Data collected from the patients' records included age, gender, and the revised diagnosis after ICGA imaging, the time interval between the initial and revised diagnosis via ICGA, and the number of anti-VEGF injections within this time period.
All patients underwent a standardized examination including measurement of best-corrected VA (BCVA) via the ETDRS chart at 4 m, slit-lamp biomicroscopy, measurement of intraocular pressure (IOP) via applanation tonometry, and biomicroscopic fundus examination. Fundus photography, fluorescein angiography (FA) and indocyanine green angiography (HRA-2; Heidelberg Engineering, Heidelberg, Germany), and OCT imaging (Spectralis; Heidelberg Engineering, Heidelberg, Germany) were also performed. Two independent retina specialists (AO, CA) who were blinded to the clinical data simultaneously evaluated the images.
The initial diagnosis of neovascular AMD was made by eight different retina specialists who worked in our clinic using a combination of clinical examination, OCT, and FA findings of the disease. The diagnosis of neovascular AMD was made according to the following criteria, wellknown clinical findings, 1-4 a stippled hyperfluorescence in FA representing like an occult choroidal neovascularization (CNV), subretinal fluid associated with an adjacent hyper-reflective area representing like a fibrovascular pigment epithelial detachment (PED). 1, 7, 13 The final differential diagnosis was made according to known specific FA, OCT, FAF, and especially ICGA findings of the diseases. The initial diagnosis of the eyes was usually occult CNV secondary to nAMD. Only a few patients had classical CNVs, which were later diagnosed as classic CNV secondary to chronic CSC. The differential diagnosis was described in detail in the following paragraph.
Neovascular AMD with occult CNV was diagnosed when a significant hot plaque was detected in the late frames of ICGA, or when dilated choroidal vessels were not seen as a sign of CSC, or when any hot spot that may be a polyp was not seen (Figure 1 ). 21 In fact neovascular AMD was like an exclusion diagnosis in this study. Polypoidal choroidal vasculopathy was diagnosed when polyps and/or branching vascular network were detected in ICGA ( Figure 2 ). 16 Choroidal thickness measurements via EDI-OCT was not routinely obtained by a quantitative method; however, OCT images were usually evaluated in regard of choroidal thickness with eye examination as a routine practice. Chronic CSC was diagnosed when enlarged choroidal vessels and leakage from these vessels and hyperfluorescence were detected in the early frames of ICGA, and when wash-out pattern of the leakage and hypofluorescence was detected in the late frames ( Figure 2 ). 22 Also in a detailed manner, we evaluated all of the ICGA, FA, and OCT images of the patients for the other signs of CSC, such as diffuse hyperfluorescence in FA, gravitational tracts, and pigmentary changes. 22 RAP was diagnosed when a large and high retinal pigment epithelial detachment with a notch on the surface was detected and/or when angioma per se was detected in ICGA as a hot spot ( Figure 3 ). 16 CNV associated with chronic CSC was diagnosed when a classic CNV was detected with the previously described features of chronic CSC in ICGA. The patients were diagnosed as adult-onset vitelliform macular dystrophy when the specific features of pattern dystrophy were detected in FAF and OCT (Figure 4 ) imaging, and when a CNV was not detected in ICGA. 16 The FAF patterns of adult-onset vitelliform macular dystrophy were, a diffuse round increased autofluorescence, or partial increased autofluorescence, or decrease in autofluorescence if there was no prominent yellow accumulation on examination. 23 Drusenoid retinal PED associated with vitelliform-like material diagnosis was made according to the typical OCT findings, which were seen as a focal elevation of the retinal pigment epithelium contour associated with fluid but without showing a CNV on ICGA. 24 Of course, there were some confusing cases that we were not able to make a definite diagnosis. In such cases, two experienced retinal specialists (AO and CA) jointly adjudicated and arrived at the most probable diagnosis.
Primary outcome measures of this study were the initial and revised diagnosis of nAMD eyes with a morphologic poor response to IVR treatment, the relative distribution of the mimicking diseases, the time interval from the initial diagnosis to the revised diagnosis, and the number of injections received before the revised diagnosis. 
Statistical analysis
Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) software (version 16.0, SPSS Inc., Chicago, IL, USA). Data were first analyzed for normality using Kolmogorov-Smirnov test. The continuous variables were expressed as means ± SD. The categorical variables were expressed as number (n) and percentages (%).
Results
One hundred and thirty two out of 1024 eyes were found to be morphologically poor responders to IVR treatment and included in the study. The mean age of the patients was 67.4 ± 9.4 years (ranging from 52 to 88). Fifty-five patients (47%) were women and 62 patients (53%) were men. Seventeen of the eyes (12.8%) were diagnosed early poor responders after the initial three injections, and 115 eyes (87.2%) were late poor responders.
After ICGA imaging and a detailed examination done by using other multimodal imaging tools, 13 eyes (9.8%) were diagnosed as having true nAMD, and 119 eyes (90.2%) were diagnosed as having non-AMD diseases. The revised diagnosis of the non-AMD eyes were as follows, 74 eyes (56.1%) had PCV, 35 eyes (26.5%) had chronic CSC, 3 eyes (2.3%) had RAP, 3 eyes (2.3%) had CNV secondary to CSC, 2 eyes (1.5%) had adult-onset vitelliform macular dystrophy, and 2 eyes (1.5%) had drusenoid PED associated with vitelliform-like material (Table 1) . Figure 2 The simultaneous fluorescein and indocyanine green angiography images of a 77-year-old male polypoidal choroidal vasculopathy patient. First images (1) are fluorescein angiography images, second images (2) are indocyanine green angiography images. (a1 and a2). Early phases of angiography (b1 and b2). A polyp like hot spot is prominent in the early phase of indocyanine angiography (white arrow) (c1 and c2). Two polyps are seen in the mid-phase of indocyanine green angiography (d1 and d2). White arrow shows two polyps in the late phase of indocyanine green angiography and white arrow head shows a hot plaque. The simultaneous fluorescein and indocyanine green angiography images of a 72-year-old female chronic central serous choroidopathy patient. First images (1) are fluorescein angiography images, second images (2) are indocyanine green angiography images. (e1 and e2). Early phases of angiography (f1 and f2). Dilated choroidal vessels are prominent in the early phase of indocyanine angiography (white arrow) (g1 and g2). Leakage around the dilated choroidal vessels in the mid-phase of indocyanine green angiography (h1 and h2). Wash-out pattern without a hot plaque in the late phase of indocyanine green angiography (white arrow).
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The mean duration between the initial and the revised diagnosis was 15.6 ± 10.5 months (ranging between 4 and 48 months) in the non-AMD eyes, and the mean injection number of these eyes was 6.6 ± 4.4 (ranging between 3 and 24).
Discussion
The treatment response to anti-VEGF agents in nAMD patients has been an evolving subject in the medical retina era. Several studies have been conducted in this important topic and the terminology for anti-VEGF treatment response has been defined in detail. 15, 16, 25 The response to anti-VEGF agents has been categorized either as functional or morphological response. 15 Amoaku et al 15 have recently proposed to classify patients with nAMD into four categories with regard to their functional response based on the change in VA, which were as follows, good responders (45 ETDRS letter gain from the baseline), suboptimal responders (gain of 0-5 letters from Figure 3 The simultaneous fluorescein and indocyanine green angiography images of a 71-year-old female retinal angiomatous proliferation patient. First images (1) are fluorescein angiography images, second images (2) are indocyanine green angiography images (a1 and a2, b1 and b2, c1 and c2, and d1 and d2). A prominent angioma is seen in all phases of indocyanine green angiography (white arrows) (e). White arrows shows a notch in the retinal pigment epithelium at the lesion, which represents the angioma. the baseline), poor responders (stable or o4 letters loss from the baseline), and nonresponders (45 letters loss from the baseline). Morphological responses of the patients were defined according to their disease activity and divided into two categories, good responders in whom no disease activity was detected, and suboptimal or poor responders in whom only a partial regression of disease activity was evident. The authors have also evaluated the treatment response according to treatment phases, which were addressed as primary and secondary responses. 15 Primary response was usually determined after the three initial loading doses at month 4, and secondary response was determined at any time during the follow-up period after the first 4 months. 15 In the pivotal multicenter studies,~5% of the patients were found to be unresponsive to anti-VEGF treatment, and showed sustained VA loss despite treatment; these patients have been called as nonresponders. 11, 13, 14, 26 The sustained VA loss has been attributed to several factors, such as fibrous scar formation, pigmentary anomalies, geographic atrophy, RPE tear, retinal thinning, and thickening. 26 Also some of the baseline characteristics were found to be associated with sustained VA loss, which were presence of non-foveal geographic atrophy, larger CNV area, poor baseline VA, o20/50 baseline VA in the fellow eye, and intraretinal fluid not at the foveal center. 26 The patients' clinical characteristics, lesion type, and misdiagnosis have been evaluated thoroughly and constitute now the main discussed topics in anti-VEGF nonresponse literature. 15, 16, 26 Factors affecting drug pharmacodynamics and pharmacokinetics such as receptor downregulation, autoantibody formation, change in drug distribution, and absorption have also been shown to be related to nonresponse. 15, 25, 26 Suboptimal treatment of the patients with less frequent treatment regimens is another important clinical factor which can affect the treatment success and underlie nonresponse. Real-life studies showed that many of the patients were undertreated especially in the PRN treatment regimens. 25 Also disease chronicity, change of cytokine profile during the treatment, and chronic inflammation were shown to be important clinical factors. 15, 26 It is worth to recall here that some lesion types of nAMD are less responsive to anti-VEGF treatment. Polypoidal choroidal vasculopathy and RAP are usually considered as subtypes of nAMD; however, nowadays they are being considered by some as different clinical entities. Some of the PCV and RAP lesions respond well to anti-VEGF monotherapy, but in considerable number of the patients different treatment modalities such as photodynamic therapy and combination therapy are required. Taken together, all these data refer to the important role of detailed differential diagnostic work-up in the event of nonresponse. It is important to exclude all these factors by using available imaging tools in an individual patient before considering nonresponse. 15, 16, [27] [28] [29] In a study by Manoj, poor-responding patients' clinical diagnosis was reported to be revised in 46.2%. And 79.2% of these patients were diagnosed as having PCV. The remaining patients were diagnosed as having RAP and adult-onset vitelliform macular dystrophy. 16 However, ICGA was not used in all of the patients in the study. The authors reported that ICGA and autofluorescence imaging were done according to the clinicians' discretion. In our study, we obtained ICGA from all of our anti-VEGF poor-responding patients. As ICGA has been shown to be a valuable imaging modality in this group of patients; 15, [18] [19] [20] autofluorescence and EDI-OCT were obtained only when needed. ICGA is particularly useful in the differential diagnosis of PCV, chronic CSC, and RAP, which are usually misdiagnosed as nAMD. 15 Our study demonstrate that with the use of ICGA imaging, only 9.8% of our morphologically poor-responding patients were found to exhibit nAMD, whereas 90.2% of them were misdiagnosed. The revised diagnosis were PCV in 56.1% of the eyes, chronic CSC in 26.5 of the eyes, RAP in 2.3% of the eyes, and CNV secondary to CSC in 2.3% of the eyes. Interestingly, the patients which required additional photodynamic therapy represented 97% of the misdiagnosed patients. The true number of morphologically poor-responding eyes was 13, which represented only 1.2% of the 1024 ranibizumab-treated eyes during the study period. Indeed, the morphological poor response that was 132/1024 (12.8%) was found to be 13/1024 (1.2%) after the use of ICGA, which led to a tenfolds decrease in the misdiagnosis of these non-AMD patients. In another study by Hatz and Prünte the ranibizumab poor-responding patients who required at least eight injections were evaluated via ICGA. In that study the prevalence of PCV and RAP was found to be 16.8% and 11.4%, respectively. In the Hatz and Prunte study, the prevalence of PCV was lower than our study, because of the difference the poor-response criterion. The authors described the poor-response status as 'need for frequent intravitreal injections during OCT-guided dosing'. However our criterion was persistent intraretinal and/or subretinal fluid 1 month after the last intravitreal injection.
In this study, we evaluated specifically the morphologically poor-responding patients. The functional poor responders were not included in the study, which was the most important limitation. Also, in fact using a three-injection threshold for defining poor response may not be suitable because some of the patients may show late responses to anti-VEGF treatment. 15 Indeed, ICGA is not used as a standard imaging technique in our country. The dye is off-label and the cost of dye is not covered by social insurance. Therefore, ICGA imaging cannot be performed in all of the nAMD patients and is preserved for confusing cases such as the ones that were included in this study. Our policy is to start anti-VEGF treatment for all of nAMD confirmed with FFA and OCT first, obtain ICGA in the event of poor or nonresponse, and in patients with a possible diagnosis of PCV, chronic CSC, or RAP. In this vein, we rather prefer being more cautious about the cases who do not have a good response to three injections of anti-VEGFs and use a lower threshold for poor response in order not to delay the diagnosis of an underlying mimicking disease.
The retrospective study design was also a limitation and the treatment outcomes of the patients after the revised diagnosis were not reported. However, we are reviewing the records of these patients regarding the follow-up period after the ICGA imaging and we have planned to conduct two separate studies in which we will evaluate the treatment outcomes of misdiagnosed PCV and chronic CSC patients. On a positive side, this study was conducted in a single center and included a considerable number of nAMD patients. The imaging evaluation was done by two experienced retina specialists and ICGA was obtained from all of the patients.
In conclusion, we shown that~90% of the morphologically ranibizumab poor-responding patients would have been classified inappropriately without using ICGA. More importantly, 97% of these patients was diagnosed as having PCV, chronic CSC, and RAP and required a different treatment modality such as photodynamic therapy. The real morphological poorresponse rate was indeed around 1%. In the light of these findings we propose that all ranibizumab poorresponding patients should undergo a detailed differential diagnostic work-up including ICGA before being considered as a 'true poor responder' and ICGA imaging might be one of the important key diagnostic tools in the evaluation of anti-VEGF nonesponse.
Summary
What was known before K The anti-VEGF poor response is about 5-10% in nAMD patients Misdiagnosis is an important cause of anti-VEGF poor-response ICGA is a key tool in the differential diagnosis of nAMD from PCV and CSC.
What this study adds K Morphologic poor response to ranibizumab is found to be about 1.2% in nAMD patients 90.2% of the initially nAMD diagnosed patients who were thought to be anti-VEGF poor responder had a revised diagnosis other than nAMD.
The most frequent revised diagnosis were PCV and chronic CSC.
